CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATED WATER-QUALITY UNITS

Abbreviated water-quality units:
|lg/L micrograms per liter mg/L milligrams per liter lrThe standard unit for transmissivity is cubic foot per day per square foot times foot of aquifer thickness. This mathematical expression reduces to foot squared per day, which is used in this report.
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Analysis of Data on Nutrients and Organic Compounds in Ground Water in the Upper Snake River Basin, Idaho and Western Wyoming, 1980-91 By Michael G. Rupert
Abstract
Nutrient and organic compound data from the U.S. Geological Survey and the U.S. Environmental Protection Agency STORET data bases provided information for development of a preliminary conceptual model of spatial and temporal ground-water quality in the upper Snake River Basin. Nitrite plus nitrate (as nitrogen; hereafter referred to as nitrate) concentrations exceeded the Federal drinking-water regulation of 10 milligrams per liter in three areas in Idaho: the Idaho National Engineering Laboratory, the area north of Pocatello (Fort Hall area), and the area surrounding Burley. Water from many wells in the Twin Falls area also contained elevated (greater than 2 milligrams per liter) nitrate concentrations. Water from domestic wells contained the highest median nitrate concentrations; water from industrial and public-supply wells contained the lowest. Nitrate concentrations decreased with increasing well depth, increasing depth to water (unsaturated thickness), and increasing depth below water table (saturated thickness). Kjeldahl nitrogen concentrations decreased with increasing well depth and depth below water table. The relation between kjeldahl nitrogen concentrations and depth to water was poor.
Nitrate and total phosphorus concentrations in water from wells were correlated among three hydrogeomorphic regions in the upper Snake River Basin. Concentrations of nitrate were statistically higher in the eastern Snake River Plain and local aquifers than in the tributary valleys. There was no statistical difference in total phosphorus concentrations among the three hydrogeomorphic regions.
Nitrate and total phosphorus concentrations were correlated with land-use classifications developed using the Geographic Information Retrieval and Analysis System. Concentrations of nitrate were statistically higher in areas of agricultural land than in areas of rangeland. There was no statistical difference in concentrations between rangeland and urban land and between urban land and agricultural land. There was no statistical difference in total phosphorus concentrations among any of the land-use classifications.
Nitrate and total phosphorus concentrations also were correlated with land-use classifications developed by the Idaho Department of Water Resources for the Idaho part of the upper Snake River Basin. Nitrate concentrations were statistically higher in areas of irrigated agriculture than in areas of dryland agriculture and rangeland. There was no statistical difference in total phosphorus concentrations among any of the Idaho Department of Water Resources land-use classifications.
Data were sufficient to assess long-term trends of nitrate concentrations in water from only eight wells: four wells north of Burley and four wells northwest of Pocatello. The trend in nitrate concentrations in water from all wells is upward.
The following organic compounds were detected in ground water in the upper Snake River Basin: cyanazine, 2,4-D DDT, dacthal, diazinon, dichloropropane, dieldrin, malathion, and metribuzin. Of 211 wells sampled for organic compounds, water from 17 contained detectable concentrations.
INTRODUCTION Acknowledgments
In 1991, the U.S. Geological Survey (USGS) began full-scale implementation of the National WaterQuality Assessment (NAWQA) Program. The longterm goals of the program are to (1) provide a nationally consistent description of current water-quality conditions for a large part of the Nation's water resources; (2) define long-term trends in water quality; and (3) identify, to the extent possible, the major factors that affect observed water-quality conditions and trends (Leahy and others, 1990, p. 1) .
The design of the program enables integration of the information into a nationally consistent data base for comparisons of water-quality data over a large range of geographic and hydrologic conditions. The general concepts for full-scale implementation of the NAWQA Program are outlined in a report by Hirsch and others (1988) . Sixty study units across the United States were selected to incorporate between 60 and 70 percent of the Nation's usable water supply. Investigations will occur in three phases. Work on the first 20 study units began in 1991; work on the second and third sets of 20 study units will begin in 1994 and 1997, respectively.
The upper Snake River Basin was selected for the first phase of 20 study units, and assessment of the basin began in 1991. Intensive monitoring and analysis will proceed through fiscal year 1994, followed by a 5-year, less intensive, data-collection phase.
Purpose and Scope
Analyses of nutrient and organic compound data for ground water in the upper Snake River Basin are described in this report. Data for 1980 through 1991 were compiled and analyzed to develop a preliminary conceptual model of the spatial and temporal patterns of nutrient and organic compound concentrations. The conceptual model will be used to guide additional data collection during the ensuing parts of the study.
Only those data on nutrients and organic compounds in ground water that could be readily accessed in computer format from an agency-wide data base were evaluated. These data were from a variety of different projects, each with their own specific study design and sampling procedures. 
DESCRIPTION OF THE UPPER SNAKE RIVER BASIN
The upper Snake River Basin study unit covers 35,800 mi2 and extends from western Wyoming to south-central Idaho ( fig. 1 ). The basin includes parts of Idaho, Wyoming, Nevada, and Utah, and consists of 24 major tributaries to the Snake River. The predominant physiographic feature is the eastern Snake River Plain, which is about 55 mi wide and 320 mi long.
Population and Economy
The 1990 population was about 420,000: 396,000 in Idaho and 24,000 in Wyoming (Idaho Department of Commerce, 1992) . Principal cities include Idaho Falls (population about 43,900); Pocatello (population about 46,100); and Twin Falls (population about 27,600). County populations for 1970, 1980, and 1990, including growths and declines during 1980-90, are shown in table 1. Not all counties are totally within the study unit boundary.
The economy hi the Wyoming part of the basin is based predominantly on tourism and agriculture. The economy in the Idaho part of the basin is based predominantly on agriculture, agricultural-related industries, and support of research at the Idaho National Engineering Laboratory (INEL).
Physiography
The upper Snake River Basin includes parts of six western ecoregions (Omernik, 1986 ) the Northern and Middle Rockies, the northeastern part of the Snake River Basin, the Wyoming Basin, the Northern Basin and Range, and the Montana Valley and Foothill Prairies ( fig. 2 ). Land-surface altitudes range from about 2,500 ft above sea level at the western edge of the basin to 13,770 ft in the mountainous eastern part of the basin in Wyoming. Areas in the northern and northwestern parts of the basin are characterized by high mountains exceeding 12,000 ft in altitude and deep intermontane valleys composed of volcanic and sedimentary rocks. The relatively flat eastern Snake River Plain lies in the central and western parts of the basin and ranges in altitude from 2,500 to 6,000 ft.
Predominant vegetation includes cedar, fir, and pine forests in the mountains and sagebrush and bunchgrass on the hills and in valleys. Large parts of the eastern Snake River Plain consist of exposed basalt of Quaternary age that is devoid of vegetation.
Climate
The climate in most of the basin is semiarid. Mean annual precipitation ranges from less than 10 in. on the valley floor to as much as 70 in. on the southern part of the Teton Range ( fig. 3) .
The source of most precipitation is from airmasses moving inland from the Pacific Ocean (Kjelstrom, 1992) . During summer months, the central and eastern parts of the basin are affected by sporadic thunderstorms resulting from the subtropical flow of air from the Gulf of Mexico and the Pacific Ocean.
The basin is characterized by moderately to severely cold winters and hot, dry summers. Mean annual temperature at Idaho Falls is 43.7°F; mean annual temperature at Twin Falls is 47.3°F. Average annual air temperatures in the Wyoming part of the basin range from about 35° to 40°F; maximum temperatures are near 90°F and minimum temperatures are near 30°F. The average length of the growing season in the basin ranges from about 120 to 160 days.
Water Use
Idaho ranks third in the Nation for total water use behind California and Texas. In 1990, water use in the upper Snake River Basin was about 15.1 million acre-ft 68 percent of Idaho's total withdrawals of 22 million acre-ft. Irrigated agriculture used more than 14.5 million acre-ft on 2.5 million acres of land in the eastern Snake River Plain in 1990 (M.A. Maupin, U.S. Geological Survey, written commun., 1992). Other major offstream water uses are municipal supply, industry, and livestock production. Major instream uses are hydroelectric power production and aquaculture.
The basin contains 71 percent of all irrigated acreage in Idaho in 1990. Potatoes, wheat, sugarbeets, hay, and barley are the predominant crops. In 1980, 8.5 million acre-ft of surface water and 1.9 million acre-ft of ground water (Goodell, 1988, p. E23-E27) were used to irrigate approximately 2.3 million acres (Garabedian, 1993, p. F6) . In 1990, 7.9 million acre-ft of surface water and 6.6 million acre-ft of ground water were used to irrigate 2.5 million acres (M.A. Maupin, U.S. Geological Survey, written commun., 1992 agriculture within the basin is small in comparison; 0.1 million acres were irrigated by 0.3 million acre-ft of surface water in 1990. Hydroelectric power generation is the largest nonconsumptive water use in the upper Snake River Basin. The basin contains 15 major hydroelectric facilities roughly half of Idaho's hydroelectric facilities. Goodell (1988, p. 42 ) estimated that 39.4 million acre-ft was used to produce about 2 million MWh on the eastern Snake River Plain in 1980.
Aquaculture is the second-largest nonconsumptive water use in Idaho. Idaho aquaculture is ranked first in the Nation for commercial trout production, providing 76 percent of the national live weight production, or about 45 million pounds annually (Idaho Agricultural Statistics Service, 1992) . Most of the aquaculture facilities are located at spring discharges along the middle Snake River, a 94-mi reach between Milner Dam and King Hill. Trout production uses 80 to 90 percent of the spring flow between Milner Dam and King Hill.
Industrial uses of water include food processing, fertilizer production, concrete production, cooling, and employee sanitation (Goodell, 1988, p. E37) . Foodprocessing industries are concentrated in the Idaho Falls, Burley, and Twin Falls areas. Fertilizer-and concrete-manufacturing companies are located in the Pocatello area. Contrary to the national trend, Idaho uses a much greater amount of ground water than surface water for industrial uses (M.A. Maupin, U.S. Geological Survey, written commun., 1992). Estimated industrial withdrawals in 1990 were about 188,500 acre-ft from ground water, 68,000 acre-ft from surface water, and 4,200 acre-ft from public-supply deliveries (USGS National Water Data Storage and Retrieval System).
Geohydrology
The upper Snake River Basin can be subdivided into four hydrogeomorphic regions (developed from Whitehead, 1986 Whitehead, , 1992 : eastern Snake River Plain, local aquifers, tributary valleys, and eastern valleys ( fig. 4) . Hydrogeomorphic regions have a distinctive combination of hydrogeologic and areal characteristics, such as geology, geomorphology, and physiography, which can impart a typical set of water-quality patterns (Hamilton and others, 1991, p. 30) .
The eastern Snake River Plain contains a regional aquifer composed primarily of fractured basalt, although some isolated aquifers of alluvium and silicic volcanic rocks also are present, particularly on the eastern margin. Overlying the eastern Snake River Plain basalt aquifer are local alluvial aquifers with distinctive water-quality characteristics. Only the most extensive local aquifers are included in this classification. Bounding the eastern Snake River Plain are a series of smaller tributary valleys that are a major source of recharge to the eastern Snake River Plain aquifer through seepage from streams and underflow. These tributary valleys are underlain primarily by alluvium, although basalt and silicic volcanic rocks also are present. The eastern valleys include Jackson Hole and the Salt River Valley of Wyoming and also are underlain primarily by alluvium.
Greater emphasis is placed on the eastern Snake River Plain in the following sections because this region has the most water-quality data and the greatest amount of water use.
EASTERN SNAKE RIVER PLAIN
The eastern Snake River Plain is underlain predominantly by basalt of the Snake River Group of Quaternary age. Basalt is generally less than 10 ft below land surface in the central part of the eastern plain and is generally less than 100 ft below land surface elsewhere. Geophysical data and drillers' logs indicate that Quaternary basalt in the central part of the eastern plain is as much as 5,000 ft thick (Whitehead, 1992, p. Bl) .
The layered basalt flows in the eastern Snake River Plain contain and yield exceptionally large volumes of water to wells and springs. Wells open to less than 100 ft of the aquifer yield as much as 7,000 gal/min; yields of 2,000 to 3,000 gal/min with only a few feet of drawdown are common (Whitehead, 1992; Lindholm, 1993) , making yields from the eastern Snake River Plain aquifer some of the largest in the Nation. Transmissivity commonly exceeds 100,000 ft2/d and locally is as much as 1,000,000 ft2/d (Whitehead, 1992, p. B22) .
Regionally, ground water in the eastern plain moves from northeast to southwest ( fig. 5 ) and discharges to the Snake River from many large springs (Lindholm and others, 1988) . The potentiometric surface descends 2,000 ft along a 200-mi-long flowpath at an average gradient of 10 ft/mi. Flow velocities average approximately 10 ft/d (Robertson and others, 1974, p. 13) . Average residence time of water in the aquifer is 200 to 250 years (Wood and Low, 1988) . Depth to firstencountered ground water ranges from less than 3 ft in alluvium along the Snake River (Maupin, 1992) to 1,000 ft in the north-central part of the eastern plain ( fig. 6 ). Lindholm (1993) made the following estimates of recharge to the eastern Snake River Plain aquifer for 1980: (1) surface-water irrigation, 4.84 million acre-ft; (2) tributary drainage basin underflow, 1.44 million acre-ft; (3) precipitation on the plain, 0.70 million acre-ft; (4) Snake River losses, 0.69 million acre-ft; and (5) tributary and canal losses, 0.39 million acre-ft. Lindholm (1993) also made the following estimates of discharge from the eastern Snake River Plain aquifer for 1980: (1) spring flow, 7.08 million acre-ft; and (2) pumpage, 1.14 million acre-ft. About two-thirds of the water from spring flow discharges to the Snake River between Milner Dam and King Hill (Lindholm and others, 1988) , and the other third discharges between Blackfoot and Neeley (Mundorff and others, 1964) . Lindholm (1993) estimated that ground-water discharge exceeded recharge by 0.1 to 0.16 million acre-ft in 1980.
Average annual ground-water discharge (mainly spring flow) along the north side of the Snake River between Milner Dam and King Hill increased considerably from 1910 through the early 1950's ( fig. 7 ). The increase is attributed to recharge from surface-water irrigation north and east of the springs (Kjelstrom, 1992) . Since the 1950's, ground-water discharge has decreased because of a combination of increasing ground-water withdrawals for irrigation (Moreland, 1976, p. 9) , more efficient irrigation practices such as conversion from flood to sprinkler irrigation, and local droughts (Kjelstrom, 1992) . Water levels in wells reflect the same long-term downward trend (Kjelstrom, 1992) .
LOCAL AQUIFERS
Local aquifers in the eastern Snake River Plain (Lindholm and others, 1988; Young, 1984) have distinctive water-quality characteristics. Only the most extensive local aquifers are included in this classification; others exist but are insignificant for regional water-quality characterization.
In an area north of Burley, a clay layer about 60 to 120 ft below the surface creates a local aquifer. Recharge to this aquifer is predominantly from infiltration of irrigation water. According to local accounts, a local aquifer did not exist prior to construction of the irrigation network from Lake Walcott in 1907. Local information indicates that several wells completed in this system go dry during the winter when the diversion or use of irrigation water ceases. These wells become operational less than 2 weeks after irrigation canals are refilled in the spring.
TRIBUTARY VALLEYS
Tributary valleys north, south, and east of the eastern Snake River Plain are a source of recharge to the eastern Snake River Plain aquifer through seepage from streams and ground-water underflow. A more complete description of these tributary valleys is provided in a report by Mundorff and others (1964) .
The principal vium and basalt. Much of the basalt is correlative with the Snake River Group (Mundorff and others, 1964) .
EASTERN VALLEYS
The principal eastern valleys are Jackson Hole and the Salt River ( fig. 1 ). Primary aquifer materials in Jackson Hole are fluvial deposits, glacial outwash, and coarse-grained alluvial fan deposits (Cox, 1975) . Most aquifers are unconfined, although perched aquifers may exist locally. The alluvial aquifers in Jackson Hole are recharged by precipitation and seepage from local streams (Cox, 1974) . Recharge is greatest in late spring and summer, during and just after spring runoff.
The Salt River Valley, also termed the Star Valley, is in the far western part of Wyoming ( fig. 1 ). The principal water-bearing formation is a thick deposit of Pleistocene gravel (Walker, 1965) . Most water in the gravel is unconfined. Recharge is predominantly from irrigation water, infiltration of rainfall and snowmelt, and seepage from streams along the margins of the valleys. Along the eastern margin of the valley, ground water in the bedrock recharges the Pleistocene gravel along fractures and faults (Lines and Glass, 1975) . Recharge is greatest during spring snowmelt (Walker, 1965) . The direction of water movement through the gravel is probably similar to surface drainage patterns toward the center of the valleys and in a downstream direction (Lines and Glass, 1975) . Ground water discharges to the Salt River from springs and seeps throughout most of the valley (Walker, 1965) .
Potential Sources of Contamination
The Idaho Department of Health and Welfare (1989, p. 17) considers the following activities the greatest risks to ground-water quality in Idaho (in descending order of risk): petroleum storage and handling; feedlots and dairies; landfills and hazardous waste sites; land application of wastewater; hazardous material handling and use; pesticide handling and use; land application of sewage and sludge; surface runoff; waste pits, ponds, and lagoons; radioactive substances; fertilizer application; septic-tank systems; mining (including oil and gas drilling); wells (injection, geothermal, and domestic); and silviculture.
Several thousand (exact number is not known) injection wells are used to dispose of excess irrigation water, urban runoff, and septic-tank effluent from lands overlying the basalt of the eastern Snake River Plain aquifer (Yee and Souza, 1987, p. 49) . Contaminants introduced by some of the injection wells reportedly have degraded the water in nearby domestic wells (Graham and others, 1978; Graham, 1979) . Seitz and others (1977) indicated that water disposed to injection wells can move appreciable distances through the aquifer.
Low-level radioactive wastes and nitrogen-containing compounds were injected into deep wells open to the eastern Snake River Plain aquifer at the INEL. Those injection wells have been abandoned, and the wastes now are disposed to percolation ponds (Yee and Souza, 1987) . Monitoring wells operated by the USGS have been sampled since the early 1950's to trace the spread of contaminants at the INEL. Tritium, the most mobile contaminant, has migrated downgradient about 7.5 mi from the source areas and extends over an area of about 30 mi2 (Schneider and Trask, 1982, p. 86) . The INEL was designated a superfund site on November 21, 1989.
Mining and processing phosphate ore pose a potential problem in the area northeast of Soda Springs (Yee and Souza, 1987) . Aquifers in this area are not well defined, and the effects of mining on ground water are not known. Increased concentrations of arsenic, boron, zinc, and alpha and beta activity have been reported in a shallow alluvial aquifer underlying a phosphate ore processing plant northwest of Pocatello (Yee and Souza, 1987, p. 49) .
Fertilizer and pesticide use poses a potential threat to water quality in the upper Snake River Basin, although few data are available on their use. Fertilizer use by county during 1985 through 1989 (table 2) was estimated by the U.S. Environmental Protection Agency (1990) . The estimates were derived from county fertilizer expenditures reported in the 1987 Census of Agriculture (U.S. Department of Commerce, 1987) . Alexander and Smith (1990) (Duffy, 1983) . Clark (1989) summarized the major organic compounds used in the Twin Falls County area (table 4) on the basis of data from local agricultural extension agents.
SOURCES OF WATER-QUALITY DATA
All automated sources of comprehensive groundwater quality data were compiled and examined for errors. Sources for this study unit were the USGS data base and the U.S. Environmental Protection Agency (USEPA) STORET data base. All ground-water quality data files were converted to Geographic Information System (GIS) data files to assist in correlating water quality with land use and hydrogeomorphic regions.
Data from filtered and unfiltered (dissolved and total) duplicate nitrite plus nitrate (as nitrogen; hereafter referred to as nitrate) samples were compared to Gianessi and Puffer (1988 
U.S. Geological Survey Data
Ground-water quality data were compiled from USGS data bases for Idaho and Wyoming for January 1,1980, through May 1, 1990. This ending date was chosen because of changes in analytical methods for nitrate and phosphorus by the USGS National Water Quality Laboratory. Data were compiled only for wells with a known total depth, screen location, or pump location.
The data were divided into two discrete groups: miscellaneous studies and nitrate studies. The miscellaneous studies comprise data compiled from all previous USGS investigations (excluding the nitrate studies), each with its own procedure for well selection, sampling, and quality assurance/quality control.
The nitrate studies comprise data on nitrate in ground water in areas where elevated concentrations were documented , 1989 Young, Parliman, and Jones, 1987; Young, Parliman, and O'Dell, 1987) . Ground-water samples were analyzed onsite for nitrate concentrations. A duplicate sample was collected for laboratory analysis if the field concentrations were generally 4 mg/L or greater. Because only laboratory data are entered into the USGS data base, data from these studies are biased to wells in which water generally contains nitrate concentrations of 4 mg/L or greater. The data set contains no field analyses and is treated independently of other data sets to account for the biases. 
Idaho Statewide Ground-Water Quality Monitoring Program Data
Ground-water quality data were compiled from the Idaho Statewide Ground-Water Quality Monitoring Program for 1990 and 1991. The program is a cooperative project between the USGS and the Idaho Department of Water Resources (IDWR). Primary objectives of the program are to (1) characterize the ground-water quality in Idaho's aquifers, (2) identify trends in ground-water quality within individual aquifers, and (3) identify aquifers or geographic areas where waterquality problems may exist or be emerging (Idaho Department of Water Resources, 1991; Neely and Crockett, 1992) . The water-quality data generated by the program are stored in the USGS data base. The first ground-water samples were collected from 97 wells statewide during the summer of 1990. Since then, the program has been expanded to include about 400 wells statewide annually. Water from each well is sampled for specific conductance, pH, temperature, fecal coliform, alkalinity, common ions, nutrients, trace elements, radioactivity and radionuclides, and selected organic compounds. Data for 1990 and 1991 from 197 wells in the basin are included in this report.
Wells were selected by the Idaho Statewide Ground-Water Quality Monitoring Program using a statistically based stratified-random approach. The State was subdivided into 22 hydrogeologic subareas on the basis of aquifer type, water chemistry, and ground-water flow characteristics (Neely and Crockett, 1992) . Ten of these subareas are in the upper Snake River Basin.
The number of wells in each subarea was determined by the Idaho Statewide Ground-Water Quality Monitoring Program using the Neyman Optimal Allocation method (Snedecor and Cochran, 1967) . This method takes into account the population within each subarea (census data), the size of the subarea, and the variability of water quality (specific conductance).
Subareas with the most sites were those with the greatest population, area, and variation in water quality.
Within the subareas, townships and wells within townships were selected randomly by the Idaho Statewide Ground-Water Quality Monitoring Program. Only wells that met the following criteria were selected: (1) known depth, (2) complete driller's log, (3) adequate construction standards, (4) operational pump, and (5) completed in one aquifer. The types of wells selected were irrigation, domestic, industrial, and municipal, and were completed at various depths. Monitoring wells constructed to detect contamination from a specific source were not selected.
U.S. Environmental Protection Agency Data
The USEPA STORET data base contains data from the USEPA; the Idaho Department of Health and Wel- The STORET data base does not contain information on well properties such as depth, screened interval, pump location, or aquifer type. Accordingly, STORET data were not used for comparisons between well depth and ground-water quality.
NUTRIENT DATA
The following sections summarize the nutrient data analyzed in this report. In the summary tables, boxplots, and nonparametric statistical comparisons, all values less than the analytical reporting level were set equal to their respective reporting level and were treated with equal ranking in the nonparametric statistical calculations. If multiple reporting levels existed, all values less than the reporting level were set to the highest reporting level.
Truncated boxplots are used in several figures to summarize the distribution of the data sets (Helsel and Hirsch, 1992, p. 24) . Horizontal lines in the "body" of each boxplot correspond to data at the 25th, 50th, and 75th percentiles. The "whiskers" on the ends of each box correspond to data at the 10th and 90th percentiles. The largest and smallest 10 percent of the data are not shown. 
Statistical Summaries of Nutrient Data
The sources of nutrient and organic compound data are listed in table 5, and an overall summary of nutrient data from all sources is shown in table 6. Summary statistics for nutrient data from individual data sets are shown in tables 7 through 10 so data from programs with distinct well selection techniques and geographic areas of interest could be differentiated. Some wells were sampled for more than one program individual analyses are included with each data set to maintain consistency. Locations of wells with nutrient data from all data sets are shown in figure 8.
Nutrient data from the USGS nitrate studies and miscellaneous studies are summarized in tables 7 and 8, respectively. Wells sampled for the USGS nitrate studies have the highest median nitrate and kjeldahl nitrogen concentrations among all the data sets. Nitrate concentrations in wells sampled for the USGS nitrate studies and miscellaneous studies are shown in figures 9 and 10, respectively.
Summary statistics for nutrient data from the Idaho Statewide Ground-Water Quality Monitoring Program for calendar years 1990 through 1991 are shown in table 9. These data are considered to be the most representative of nutrient concentrations in the basin due to the statistically based stratified-random well selection approach. Nitrate concentrations in wells sampled for the Idaho Statewide Ground-Water Quality Monitoring Program are shown in figure 11 .
Summary statistics for nutrient data from the USEPA STORET data base from January 1980 through 
Nitrate Problem Areas
Nitrate concentrations exceed the Federal drinkingwater regulation of 10 mg/L in four areas: the INEL, the area north of Pocatello (Fort Hall area), the area surrounding Burley, and the area north of Jackson Lake ( fig. 10) .
The INEL is a U.S. Department of Energy nuclear research facility. High concentrations of nitrate at this facility are from discharge of nitrogen-containing wastewater into an injection well (Orr and Cecil, 1991, p. 42) . The injection well was used from 1952 to 1984 but has since been abandoned and plugged. The wastewater now is discharged to an infiltration pond. Historical ground-water concentrations of nitrate were as much as 65 mg/L. Since the decommissioning of the injection well, nitrate concentrations have decreased below the Federal drinking-water regulation of 10 mg/L.
The predominant land use in the Fort Hall area is agriculture. Depth to water averages about 40 ft below land surface and the soils are sandy (D.J. Parliman, U.S. Geological Survey, oral commun., 1992) . The shallow depth to water and sandy soils facilitate ground-water recharge from irrigation and are the principal factors contributing to the high nitrate concentrations.
Most high nitrate concentrations in the Burley area are in water from wells in the locally perched aquifer. Depth to water typically ranges from less than 5 to 30 ft. Predominant land use is agriculture. The possible sources of nitrate are agricultural fertilizers, effluent from confined-animal feeding operations and food-processing industries, and septic tanks.
The source of high nitrate concentrations in water from the well north of Jackson Lake is nearby sewagedisposal ponds (H.W. Young, U.S. Geological Survey, oral commun., 1994).
Nitrate concentrations exceed 2 mg/L in water from wells in the Twin Falls area. These concentrations suggest degradation of water quality as a result of landuse activities (Parliman, 1988, p. 233) . Possible sources of nitrate are agricultural fertilizers, effluent from confined-animal feeding operations and food-processing industries, and septic tanks.
Relations Among Nutrient Concentrations, Well Use, Well Depth, Depth to Water, and Hydrogeomorphic Region
Relations among nitrate concentrations, well use, well depth, and depth to water are shown in figure 13 . Data are from the USGS nitrate studies, USGS miscellaneous studies, and Idaho Statewide Ground-Water Quality Monitoring Program. Most wells are domestic, unused, and irrigation wells. The shallowest are typically domestic wells and the deepest are industrial and unused wells. Domestic and public-supply wells have the shallowest median water levels. Domestic wells generally contain the highest median nitrate concentrations. It was not possible to compare ammonia, total phosphorus, dissolved phosphorus, and orthophosphoms concentrations with well use because most concentrations are near the reporting level.
Relations among hydrogeomorphic region, well depth, and depth to water are shown in figure 14 . Data are from the USGS nitrate studies, USGS miscellaneous studies, and Idaho Statewide Ground-Water Quality Monitoring Program. Most wells are on the eastern Snake River Plain. The shallowest wells and water levels are in the local aquifers, and the deepest wells and water levels are on the eastern Snake River Plain.
Relations Among Nutrient Concentrations, Well Depth, Depth to Water, and Depth Below Water Table   Relations by using data from the USGS nitrate studies, USGS miscellaneous studies, and the Idaho Statewide Ground-Water Quality Monitoring Program ( fig. 15) . Many of the wells are open hole (uncased) and data on depth of pumps were not always available. Pumps in these open holes were assumed to be set near the bottom of the well and to be withdrawing the most water from the bottom of the well. A smoothing curve was calculated using the locally weighted scatterplot smoothing (LOWESS) method (Helsel and Hirsch, 1992, p. 288) . The Spearman's rho rank-order test was performed on all relations. Spearman's rho is a nonparametric statistical test (Helsel and Hirsch, 1992, p. 217) used to measure the strength of an increasing or decreasing relation between the two variables of interest. If after performing the test, the resulting p-value is less than 0.05, the relation is significant at the 95-percent confidence interval.
A strong correlation (p < 0.05) exists among nitrate concentrations, total well depth, depth to water (unsaturated thickness), and depth below water table (saturated thickness) ( fig. 15 ). These correlations suggest that nitrate concentrations in ground water decrease with increasing well depth, increasing depth to water, and increasing depth below water table. This correlation does not imply that well depth, depth to water, or depth below water table is the causal factor in nitrate concentrations. The actual cause for the decrease in concentration with depth is not readily apparent from available data but probably involves a complex relation among source of nitrate, interaction with aquifer materials, and (or) nitrification/denitrification processes.
The LOWESS smooth in the relation between nitrate and depth to water shows a positive slope for depths less than 100 ft, suggesting that nitrates may actually increase with increasing depth in this range. A similar anomaly exists at depths less than 300 ft for the relation between nitrate and depth below water table. It is not known if the positive slope is due to hydrogeologic factors or is an artifact of clustering of many wells less than 300 ft deep. Future studies may help determine the cause of the anomalies.
A strong relation also exists among kjeldahl nitrogen concentrations (organic nitrogen plus ammonia), total well depth, and depth below water table (fig. 16 ). This relation suggests that kjeldahl nitrogen concentrations decrease with increasing well depth and depth below water table. The relation between kjeldahl nitrogen concentrations and depth to water was poor, sug- gesting that depth to water does not affect concentrations. No significant relations of ammonia, total phosphorus, dissolved phosphorus, and orthophosphorus concentrations with total well depth, depth to water, and depth below water table were observed.
Relations Among Nutrient Concentrations, Hydrogeomorphic Regions, and Land Use
Idaho Statewide Ground-Water Quality Monitoring Program data were used to relate nutrient concentrations with hydrogeomorphic regions and land use. These data were used because of the statistical approach to selection of well sites. Relations were made with a GIS.
The Kruskal-Wallis nonparametric statistical test was used to compare nitrate concentrations with hydrogeomorphic regions and land use. The test determines whether a statistical difference exists between the various data groups; for example, whether nitrate concentrations in areas of agriculture are statistically different from concentrations in areas of rangeland. The Kruskal-Wallis test ranks the data sets from the smallest observation to the largest (Iman and Conover, 1983) , then tests whether the medians from each set are statistically different. If the p-value is less than 0.05, then the data sets are significantly different at the 95-percent confidence level.
All wells were evaluated to assure that they were within their respective hydrogeomorphic region or land-use classification. The regional ground-water flow direction was evaluated at each well to assure that no upgradient sources may be causing incorrect results. It was not possible to evaluate potential localized pointsource effects and local variations in ground-water flow directions.
HYDROGEOMORPHIC REGIONS
Nitrate concentrations in tributary valleys are statistically lower than in the eastern Snake River Plain and the local aquifers ( fig. 17) 
LAND USE
Nitrate and total phosphorus concentrations were correlated with land-use data using a GIS. Land-use data were obtained from the USGS and the IDWR. The USGS used the Geographic Information Retrieval and Analysis System (GIRAS) to develop land-use data from mid-1970's high-altitude aerial photography. The land-use classifications were consistent with the Anderson Level I classifications (U.S. Geological Survey, 1986) . Primary classifications for the basin are agricultural land, rangeland, and urban land ( fig. 18 ).
Relations among nitrate concentrations and GIRAS land-use classifications are shown in figure 19 . Nitrate concentrations in areas of agricultural land are statisti- cally higher than in areas of rangeland (p < 0.05).
There was no statistical difference in concentrations between rangeland and urban land and between urban land and agricultural land. There was no statistical difference in total phosphorus concentrations among any of the land-use classifications. Data were insufficient to observe differences in kjeldahl nitrogen, ammonia, dissolved phosphorus, or orthophosphorus concentrations among the land-use classifications. Nitrate and total phosphorus concentrations also were correlated with land-use classifications developed by the IDWR (fig. 20) . IDWR combined the data from three sources: a map denoting vegetation types; a map differentiating between flood-and surface-irrigation methods; and a map differentiating dryland agriculture from irrigated agriculture (Rupert and others, 1991, p. 12) . IDWR did not develop land-use classifications for areas in Wyoming, Utah, and Nevada.
On the basis of IDWR land-use classifications, nitrate concentrations in ground water are statistically higher in areas of irrigated agriculture than in areas of dryland agriculture and rangeland ( fig. 21 ). There was no statistical difference in total phosphorus concentrations among any of the land-use classifications. Data were insufficient to observe differences in kjeldahl nitrogen, ammonia, dissolved phosphorus, or orthophosphorus concentrations among the land-use classifications.
FACTORS AFFECTING RELATIONS BETWEEN NITRATE CONCENTRATIONS AND LAND USE
In many areas, ground water moves from areas of rangeland to areas of agricultural land. Nitrate concentrations are lowest in areas of rangeland (figs. 19 and 21) because few land-use activities on rangeland affect those concentrations. Nitrate concentrations are highest in areas of agricultural land, presumably because of nitrate loading from agricultural fertilizer application and irrigation. Parliman (1988, p. 233) suggested that nitrate concentrations exceeding 2 mg/L probably indicate degradation of water quality from land-use activities.
The effects of land-use changes with time can introduce inaccuracies in relations between nitrate concentrations and land use. The GIRAS land-use classifications are from the mid-1970's and the IDWR landuse classifications are from the mid-1980's. Both landuse data files are being compared with 1990 and 1991 water-quality data. The population of the upper Snake River Basin has changed only about 5 percent from 1980 to 1990 (table 1) . Irrigated land has increased only slightly since the 1960's (Lindholm and Goodell, 1986) , implying that agricultural land and rangeland have remained fairly constant since the 1960's. Changes in population and land use have been minor throughout the basin.
There may be a low bias of nitrate concentrations in areas of agricultural land classified using the GIRAS system ( fig. 19 ) because dryland agriculture was combined with irrigated agriculture. Relations among nitrate concentrations and land-use classifications from the IDWR data base ( fig. 21) show the lowest concentrations in the basin are in areas of dryland agriculture.
Trends of Nitrate
Few data were available to determine the long-term trends of nitrate concentrations in the upper Snake River Basin because few wells have been sampled regularly. Only four wells in the USGS data base and four wells in the USEPA STORET data base had multiple nitrate analyses ( fig. 22 ). Long-term increases in nitrate concentrations in water from wells north of Burley and northwest of Pocatello are shown in figure 23 . Depths of USGS wells range from 80 to 234 ft, and depths of water levels range from 53 to 161 ft. The USEPA STORET data base does not contain information on well properties.
In 1990, Young and Parliman (U.S. Geological Survey, written commun., 1992) collected samples quarterly for analysis of nitrate concentrations in ground water in the Burley area. They determined that concentrations varied with water levels. Concentrations decreased with rising water levels at the beginning of the irrigation season, remained low during the irrigation season, and increased with declining water levels at the end of the irrigation season. Young and Parliman suggested that the decrease in concentrations at the beginning of the irrigation season may be due to dilution from irrigation water.
Data from the few wells with multiple ammonia analyses were too scattered to observe any trends. No data were available to plot trends of nitrite, ammonia, total kjeldahl nitrogen, total phosphorus, and orthophosphorus in ground water.
ORGANIC COMPOUND DATA
Data on organic compounds in ground water were compiled from the USEPA STORET and USGS data bases for 1980 through 1991 (table 5). Locations of wells for which data on organic compounds were available are shown in figure 24. Of 211 wells sampled for organic compounds, water from 17 contained detectable concentrations (fig. 25) .
The USEPA STORET data base contains data on only one well ( fig. 25) , which was sampled eight times during October 1988 through September 1990. Dacthal was detected in four of the eight samples; concentrations ranged from 0.03 to 0.10 (ig/L. The data base contains no information on the reporting levels for analytes or for wells where organic compounds were not detected. The data base also contains no information on well depth or water level.
The type and number of organic compound analyses in the USGS miscellaneous studies data base are summarized in table 11. Organic compound data are available only for 1987 through 1991. Of the organic compounds analyzed, cyanazine, 2,4-D, DOT, diazinon, dichloropropane, dieldrin, malathion, and metribuzin were detected in ground-water samples from the upper Snake River Basin (table 12) .
Ground-water samples that contained detectable concentrations of organic compounds were collected from wells with a mean depth of 255 ft, a mean depth to water of 215 ft, and a mean depth below the water table of 63 ft. Samples with no detectable concentrations were collected from wells with a mean depth of 538 ft, a mean depth to water of 367 ft, and a mean depth below the water table of 168 ft. Data from both data bases were insufficient to determine relations among organic compounds and hydrogeomorphic regions or land use. Data also were insufficient to determine trends of organic compound concentrations.
The USEPA published a summary of selected organic compound monitoring studies in the United States (U.S. Environmental Protection Agency, 1992). The study for Idaho listed 15 wells near Burley in which water was sampled for aldicarb in 1981. There were no detections and reporting levels were not listed. 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 
SUMMARY
Nutrient and organic compound data from the USGS and the USEPA STORET data bases provided information for development of a preliminary conceptual model of spatial and temporal ground-water quality in the upper Snake River Basin. Data from these two sources were divided into four groups so data from programs with distinct well selection techniques and geographic areas of interest could be differentiated.
Nitrate concentrations exceeded the Federal drinking-water regulation of 10 mg/L in three areas in Idaho: the INEL, the area north of Pocatello (Fort Hall area), and the area surrounding Burley. Water from many wells in the Twin Falls area also contained elevated (greater than 2 mg/L) nitrate concentrations. Water from domestic wells contained the highest median nitrate concentrations; water from industrial and public-supply wells contained the lowest. Nitrate concentrations decreased with increasing well depth, increasing depth to water, and increasing depth below water table. Kjeldahl nitrogen concentrations decreased with increasing well depth and depth below water table. The relation between kjeldahl nitrogen concentrations and depth to water was poor, suggesting that depth to water does not affect concentrations.
Nitrate and total phosphorus concentrations were correlated with three hydrogeomorphic regions of the upper Snake River Basin. Concentrations of nitrate were statistically higher in the eastern Snake River Plain and local aquifers than in the tributary valleys. There was no statistical difference in total phosphorus concentrations among the three hydrogeomorphic regions.
Nitrate and total phosphorus concentrations in ground water were correlated with land-use classifications developed using the GIRAS. Agricultural areas had statistically higher concentrations of nitrate than rangeland areas. There was no statistical difference in concentrations between rangeland and urban land and between urban land and agricultural land. There was no statistical difference in total phosphorus concentrations among any of the land-use classifications.
Nitrate and total phosphorus concentrations in ground water also were correlated with land-use classifications developed by the EDWR for the Idaho part of the upper Snake River Basin. Nitrate concentrations were statistically higher in areas of irrigated agriculture than in areas of dryland agriculture and rangeland. There was no statistical difference in total phosphorus concentrations among any of the EDWR land-use classifications.
Four wells north of Burley and four wells northwest of Pocatello were used to examine long-term trends of nitrate concentrations. Concentrations in water from all wells showed an increasing trend.
The following organic compounds were detected in ground water in the upper Snake River Basin: cyanazine, 2,4-D, DDT, dacthal, diazinon, dichloropropane, dieldrin, malathion, and metribuzin. Of 211 wells sampled for organic compounds, water from 17 contained detectable concentrations.
